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ABSTRACT

Wenvestigate the implications of the renornabization group applied to one.
loop renormahzed quantum gravity for the effective value of Newton's ecnsiant
on large distance seales  We find a potentially signifieant contribution to solving
the so-called “dark matter problem.”

[he inllationary seenarios of the early universe solve many of the problems assce
ated with cosmologies based on the assumptions of large scale isotropy and homogene
v However, these successes also lead 1o the prediction that the density parameter
O i I. Here p. 3H4/8x6 s the eritical energy density of the Universe,
andd pyis the present value of the tofal energy density, e the sum ol all the en
eray densities. Fhis s at the basis of the so called “dark matter problemn,” hecanse
olmervations can, at most, account for a fraction of §),

lu Taet. primerdial nucleosynthesis contrains the barvonie contribution 1o € to
be hetween 0001 and 016, Assuming that the virial theorem applies to sroups of
ralanies and to clusters of galaxies, one can estimate the contribution from 1 hee
~tinctures to A1 at the corresponding scale, with observations indieating, that € lie
between (L1 and 0.7, The variation of Q with distanee seale is diveused in def. |

Dhespite the expectation that their variation with © o iz ondy logarithmie, the
mnpheated rtanee of distances is <o wide that one must ast woont the ellect of quant
cortentions, We know that the vacunm enerey s ver small Tad the net effect ol
quantinm o tuations acting, over such distanees way poe siceable corrections to the
televant phvacal quaatities. To other wordsg it is concervable that quantinm maain
cllecta et play a role an the phyaies of the larpe (commolopieal) wealos,

We vt with the wovmptotivally free, hieher derivative pranily theary wtudied
tedetnd byomany aathor s e Refso 2 and 30 1 is desaribedd by the follow e
e dinensaonal rene qup tenotmaleable) Foachdean action
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where A is the cosmological constant. (¢ is Newton’s constant, and 1 is related to
the square of the Weyl tensor (°,.,, throngh the relationship W = (€., (" -
CRT). with 2= ¢ R .- Under the requirement of avmptotically flat houndary
conditions, one can compute the following renormalization gronp equations (RGES)
tor the quantities of interest :
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where w = --(bfa). t = (3282) Yog p?/p2). and g is the renormalization scale. Tor

F. (20) we have nsed the gauge-invariant improvement of Ref. 3.

I'hese renormalization group equations apply to all scales, and they have the
property that the contributions from matter and geometry separate explicitly, We
will consuder the range hetween familiaz scales and the size of the universe.

We can immediately integrate the equations for o and for @ as a function of

when 470 sinee @ obevs the equation

dur 10 I N3 0
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where at Va4 (3100, Thus wt!) oy ow (afay) )L ota/ag) 7] Y where
' 002286 and o HAGT are the two rools of The quadratic in ¢ on the rhs,
of Fa. 0. FPhese are the two lixed points of (7). Also, o (wo Wy Wlan o)
and s C100789M ey W) - BAGHES) For Baege positive £ (1) approaches s UV

lined pomt w0 Sinnlarly, at Larpe nesative £ (1) approaches its mlvared fixed point

Howe tahe the ratio of Fagso (20) and ¢ we can ultimately obtain (6 128
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For t = +x. (g # 0) the elfective Newton's constant ¢/(f) approaches zero as o soes
lu g amd we see explicitly that G(#) is indeed asymptotically free.

In models of the type deseribed by the action in Eq. (1), cosmological «volution
leads to a scenario where there is an inflationary period which eventually settles into
a lIricdmann Robertson Walker era, with a matter dominated behavior that corre
sponds to the standard cosmology. (Note that these models assume ¢ = 0.) In these
models, the cosmological constant is zero, and the higher derivative terms produee
inllation without a phase transition; the inflationary period flattens the metrie. In
the current era. the higher derivative terms are negligible. In this matter dominated
crite then the matter density, py, < is related to the density parameter, €. Hubble's
constant, /1. and Newton's constant by Q = ([x/3H*)(/p,,.

In our approach the invanance of the theory under choice of renormalization seale,
requires that this equation be written in terms of the effective (or improved) poaram
eters. which are solutions to the appropriate renormalization group equations. This
means that instead of using a constant value for (7 or py, . one must put in the solutions
tothe RGEs. For p, and . we will use the observed values for the physical, renormal
teed values. All one loap effects due to renormalization of () at present are given by
Fo. (1), When this is done. we obtain § = (S /3H) (e, 1) Gappm . where r- s the
size seale of the universe ancl A(rorg) is implicitly definedg by d(r.ro) - ((/(9) /G (ry).
where ry is the laboratory distanee scale on which ¢/ is measured. This ratio is then
determined by Fo. (11 10 we take Gy as G, this requires that £ (32x%) Yn(ed/r2).
Because of the logarithm, this identification is correet up to next order in the loop
expansion ol quantum gravity, The only difference from more familiar applications
of the cenormalization group is that, now, laboratory scales are considered the short
distanee regime, compared to the larger seale distanees of the Universe. Thus, it is
the long distance, negative £ regime of “infrared conlinement™ that is of interest here,

Uhe funetion efrorg) is a growing function of r, so that for a given phyvsical eneray
density, the present valae of Q@ follows 8(rory). However, if the present calenlation
were to account for the large seale missing dark matter of the universe, G(r) wonld
vary o number of pereent over the size of the solar system. Fven so, it is elear that
vilues of g, helowe the conventional eritical value conld at loast partially account for
the obeerved deceleration of the expansion of the universe, It is also elear that what
has conventionally heeninterpreted as “dark matter™ noed not e present at all, il
farther aml more detailed calenlations allow the variation of € over the solar sy tenn
1o b sl
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